The paper looks at the inclusion of international aviation in the EU emissions trading scheme from the perspective of innovation. It argues that the initiative of the European Union to subject international aviation to the scheme has functioned as a catalyst for green innovation in the sector. Green innovation in aviation has particularly manifested itself in the areas of air traffic management, aeronautics and biofuels. The paper examines the funding mechanisms activated to foster innovation to address the issue of whether the EU has developed an innovation policy. Departing from the overarching goal of growth, which nowadays appears to be synonymous with sustainable development, the paper examines the contribution of the Environmental Policy Integration principle to the gradual coordination and alignment of EU policies and actions in the direction of sustainable development. Innovation is seen as a facilitator of this process. The paper concludes that although it does not appear that the EU has developed an autonomous system of horizontal rules on innovation, it does have plenty of instruments, which, if well-orchestrated, could lead to an innovation concert.
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Innovation is in the (clean) air -The inclusion of aviation in the EU emissions trading scheme as a driver of innovation in air transport
Innovation is a key word of our times; and although it is timeless in that it is inherent in human nature, it is the current financial crisis that makes the discussion about innovation appear more relevant than ever before. In fact, the EU has advocated an approach "whereby innovation is the overarching policy objective" 1 time, the realization that growth -the end result of innovation -needs also to be sustainable, has led to the concept of eco-innovation 2 . It is, therefore, of no surprise that the EU has developed comprehensive rules on innovation aid, as well as market based measures (MBMs) for the tackling of environmental harm, most notably an ambitious emissions trading scheme (ETS) 3 .
It is of no surprise either that the more opportunities are created for innovation at either national or EU level 4 , the more the ETS expands in scope and reach. A notable example comes from the aviation industry. Whilst, for instance, the aeronautics industry has been the greatest beneficiary of R&D&I State aid in the period 2007-2010, having absorbed 29% of overall funding for large aid measures 5 , airlines are, as of 1 January 2012, included in the EU ETS 6 (in stark contrast with other modes of transport, especially maritime transport). This inclusion, and especially the decision of the EU to subject third-country airlines to the scheme as well, so long as they use an EU aerodrome, has not only infuriated airlines, but also resulted in litigation.
In December 2011, the Court of Justice issued a preliminary ruling, in response to a reference made by the High Court of Justice of England and Wales, declaring the EU Directive on the inclusion of aviation valid 7 contribute to innovation…". See also p. 8: "In a post-crisis world, Europe must move away from "business as usual" and make innovation its overarching policy objective".
. In its turn, this judgment, insofar as it recognises no extraterritorial application of EU law even when airline emissions are calculated for the entire distance between the point of departure and the point of arrival, has infuriated a vast number of third countries, who have threatened retaliatory measures. The danger, whether artificial or real, of a trade war, whose first and direct victims will be the airlines, has brought together all industry stakeholders, from airlines to aircraft manufacturers and airports to air navigation service providers, in an effort to devise ways to decrease the environmental footprint of aviation. As a result, investment in R&D&I has been massive. 50,000 flights have already taken wing on biofuels, whilst new generation aircraft employ green technologies to achieve fuel efficiencies, are lighter, made out of composite materials, and aerodynamically designed. Air traffic management technology is undergoing a process of modernisation to deliver optimised flight routes, in accordance with objectives like the EU Single European Sky project or its US equivalent, the NextGen programme. On the regulatory side, the International Civil Aviation Organisation (ICAO) is developing a CO2 standard for aircraft as a means to induce air manufacturers to produce greener aircraft, whilst efforts to reach a consensus on a global ETS for aviation are being intensified. Innovation, nevertheless, comes at a price; a price that the industry alone cannot bear. The state -be it individual states or federal governments/the EU as a whole -has, therefore, been the main risk-sharing partner of the industry. In the EU, the main mechanisms resorted to have been the EU State aid law on R&D&I, the EU research budget under, currently, the Seventh Framework Programme for research, technological development and demonstration activities (FP 7) 8 and the Trans-European Transport framework programme 9 .
The realisation that, to be meaningful, development and growth need also to be sustainable 10 has found its expression in the environmental policy integration (EPI) principle, enshrined in Article 11 TFEU and Article 37 Charter of Fundamental Rights: "environmental protection requirements must be integrated into the definition and implementation of the Union policies and activities, in particular with a view to promoting sustainable development" (Article 11 TFEU). The paper examines the contribution of this principle to the gradual alignment of EU policies as diverse as energy, air transport and innovation with one sole objective: sustainable development. In view of the fact that innovation, inherent as it is in human nature, permeates all human activities and, therefore, all EU policies and actions, special emphasis will be placed on the effect the EPI principle has on the fostering of innovation across the board and on the policies, instruments and means the EU has in place to facilitate this process.
II.
Reflections on innovation 8 innovation becoming the overarching policy objective 19 . For instance, in the field of environment, the Commission has provided us with a definition of eco-innovation 20 .
In the area of transport, the Commission recently announced that it "will devise an innovation and deployment strategy for the transport sector in close cooperation with the Strategic Energy Technology Plan..." 21 . The most straightforward example comes from the area of shipbuilding where sector-specific innovation aid rules have been devised 22 . Putting innovation at the service of the objectives pursued by the various EU policies and actions is probably a good illustration of it being an instrument rather than a goal in itself.
Coming back to the issue of why the founders of the Treaty did not devise an EU innovation policy, speculation will not be risked in this paper, as the answer might reside in economic theory 23 . What will be attempted instead is to show how the targets set in the context of the various EU policies and internal actions foster innovation and what are the instruments in place to facilitate this process. The area of scrutiny, as already mentioned, is the aviation industry.
III. Inclusion of aviation in the EU ETS
Background to the inclusion of aviation in the EU ETS
The protection of the environment has been a key priority of the EU ever since its inception. A common policy in the sphere of the environment was, therefore, deemed necessary from the outset as a means of fulfilling the objective of a "high level of protection and improvement of the quality of the environment" 24 . Climate change emerged as a global consideration at a political level somewhat later. Increasing concerns about the effects of global warming led the international community to the conclusion of the 1992 United Nations Framework Convention on Climate Change (UNFCCC) 25 , whose ultimate objective is the stabilization of greenhouse gas (GHG) concentrations in the atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system 26 19 Contrast this statement, for instance, to the statement made in Communication "Horizon 2020", at p. 5, that: "Sustainable development will be an overarching objective of Horizon 2020". A similar statement of a more authoritative nature has been made in Decision No 1982/2006/EC on the Seventh Framework Programme, at paragraph 29: "The Seventh Framework Programme should contribute towards promoting growth, sustainable development and environmental protection, including by addressing the problem of climate change". See also Annex I (Cooperation) thereof: "The overarching aim is to contribute to sustainable development", supra note 8.
. 20 Supra note 2. 21 See White Paper -Roadmap to a Single European Transport Area -Towards a Competitive and resource efficient transport system, COM (2011) 144 final, 28.03.2011, at 3.2, p. 12. 22 See Framework on State aid to shipbuilding, OJ C 364/9, 14.12.2011. 23 For inspiration, see, for instance, the discussion about an innovation ecology as opposed to an innovation system in MetCalfe (2008) . "The Perpetual Dance: Competition, Innovation and the Community Framework for State Aid for R&D&I", Study realised under the supervision of Technopolis Group France, commissioned by DG Enterprise of the French Ministry of Economy, Industry and Employment. 24 See former Article 2 EC, in conjunction with former Article 3(l) EC and former Articles 174-176 EC. 25 United Nations Framework Convention on Climate Change, 1992, at: http://unfccc.int/resource/docs/convkp/conveng.pdf. 26 See Article 2 UNFFCC.
Although the UNFCCC comes together with a number of commitments for its signatories, those are non-binding nor time-limited as to their fulfillment. Instead, they are predicated on the principle of common but differentiated responsibilities and respective capabilities (CBDRRC) and on the discretion of the Parties to "take into account" "their specific national and regional development priorities, objectives and circumstances" 27 . This fact alone explains why no reservations have been made, despite the 192 parties to the Convention. It was not until the adoption of the 1998 Kyoto Protocol to the UNFCCC 28 that the Convention was put into operation. The Kyoto Protocol, which entered into force in 2005, binds the parties to achieve their quantified emission limitations and reduction commitments in the commitment period 2008 to 2012 29 . The EU and its Member States specifically have undertaken to reduce their greenhouse gas emissions by 8% below 1990 levels 30 .
The Kyoto Protocol aims at imposing conditions upon the signatories with regard to emissions produced domestically. The territorial scope of the Protocol is, therefore, confined within national borders. This limitation is not without consequences for sectors of the economy that are per se international, most notably air transport and maritime transport. The operation of those modes of transport within several countries and, moreover, over and on the high seas respectively, i.e. in reality in no man's land renders the quantification and apportionment of emissions a very complicated task. As a result, the Protocol provides that the Parties shall pursue limitation or reduction of emissions from aviation and marine bunker fuels not controlled by the Montreal Protocol by working through the International Civil Aviation Organization and the International Maritime Organization respectively 31 . This means that, whilst domestic aviation emissions are accounted for for the purposes of meeting the Protocol's targets, international aviation emissions are not.
The climate change alert and the consequent mobilization of the international community is reflected in EU law, which has undergone a process of gradual adaptation to its people's changing needs. The adoption of the Single European Act in 1986 represents a milestone in EU environmental policy in that it gave expression to the environmental policy integration (EPI) principle. Some 10 years later, the Treaty of Amsterdam (1997) added yet another dimension to the EPI principle: that of sustainable development. Along the lines of former Article 2 EC, which set the task of promoting "throughout the Community a harmonious, balanced and sustainable development of economic activities", Article 6 of the Amsterdam Treaty provided that: "environmental protection requirements must be integrated into the definition and implementation of the Community policies and activities…in particular with a view to promoting sustainable development". The EPI principle found its way also into the EU Charter of Fundamental the "solidarity" provisions 33 , paved the way for the transition from the sustainable  development of the Community under the EC Treaty to the sustainable development  of the Earth under the Lisbon Treaty: "In its relations with the wider world, the Union  shall…contribute to the sustainable development of the Earth" 34 . This evolution is important not only because it highlights the obligations of the EU under international environmental law, but also because it provides a strong legal basis for the "internalization" of EU environmental law. Although it is true that environmental activism has always been an objective of the Union policy on the environment 35 , the Lisbon Treaty effectively concretized (albeit in a non-exhaustive fashion) this objective by focusing on climate change: "Union policy on the environment shall contribute to…promoting measures at international level to deal with regional or worldwide environmental problems, and in particular combating climate change" 36 (emphasis added). If, moreover, this activism is seen in the context of the Lisbon Treaty's provisions on the Union's external action 37 , then Article 21(2) (f) TEU acquires a special importance: "The Union shall define and pursue common policies and actions and shall work for a high degree of cooperation in all fields of international relations, in order to: help develop international measures to preserve and improve the quality of the environment and the sustainable management of global natural resources, in order to ensure sustainable development" 38 . Environmental activism, as described, should be distinguished from the concept of environmental leadership, as developed in international environmental law. Leadership in international environmental law appears to be a corollary of the common but differentiated responsibilities and respective capabilities (CBDRRC) principle, i.e. of the idea that developed countries should take the lead in making good environmental damage or combating environmental challenges, along the lines not only of their level of development, resources and capabilities, but also of the recognition that "the largest share of historical and current global emissions of greenhouse gases has originated in developed countries" 39 . The UNFCCC, for instance, recognizes "the need for developed countries to take immediate action in a flexible manner on the basis of clear priorities as a first step towards comprehensive response strategies at the global, national and, where agreed, regional levels…with due consideration of their relative contributions to the enhancement of the greenhouse effect" 40 . Further on, it commits developed countries to national policies and measures on the mitigation of climate change as a demonstration of leadership in modifying longer-term trends in anthropogenic emissions 41 33 See Chapter IV.
. Interestingly, the Convention provides for a number of steps developed countries should take to assist 34 See Article 3(5) TEU. 35 developing countries in their needs and commitments 42 . Arguably, the classification by the EU Charter of Fundamental Rights of environmental protection among the solidarity provisions, might point to a certain affinity between the principle of CBDRRC and the principle of solidarity.
The environment has always been an area of shared competence between the Union and the Member States 43 . The UNFFCC and the Kyoto Protocol thereto have, therefore, been adhered to by both the Union and the Member States. The assumption under the Kyoto Protocol of concrete and time-defined commitments to combat climate change in particular led to the establishment of the EU emissions trading scheme (EU ETS) by Directive 2003/87/EC. Emissions trading was seen as the most cost-effective and economically efficient manner to meet the Kyoto targets 44 . The scope of the scheme was initially limited to the industry and energy sectors. Transport, in particular, was exempted therefrom, despite its significant environmental footprint 45 . Arguably, this exemption, as far as air transport is concerned, was not necessarily dictated by the Kyoto Protocol, since the latter does not object to domestic aviation emissions being restricted.
The policy choice of the EU and its Member States at the time not to subject air transport in particular to the EU ETS is to be attributed to the active involvement of ICAO in the development of an emissions trading system for international aviation. Cooperation between the Commission and the Member States and ICAO on this issue dates from 1997, when the Kyoto Protocol was agreed 46 . In 2001, the 33 rd ICAO Assembly endorsed the development of an "open emissions trading system" 47 for international aviation and requested the Council to develop guidelines, as a matter of priority, focusing on establishing the structural and legal basis for aviation's participation. Nevertheless, at the 6 th meeting of the ICAO Committee on Aviation Environmental Protection in 2004, it was agreed that an aviation-specific emissions trading system based on a new legal instrument under ICAO auspices "…seemed sufficiently unattractive that it should not be pursued further" 48 . Instead, at its 35 th Assembly session held later in 2004, ICAO adopted Resolution A-35-5, whereby it advanced two approaches, namely a voluntary trading system and the incorporation of emissions from international aviation into Member States' ETSs consistent with the UNFCCC process. ICAO Member States were, as a result, called on to "refrain from unilateral implementation of greenhouse gas emissions charges" 49 . In view of this development, in 2005 the Commission adopted a Communication, proposing the inclusion of emissions from international aviation in the EU ETS 50 42 See, for instance, Article 4(3) et seq.
. The strategy set out by the Commission for tackling aviation's contribution to climate change found 43 See Article 4(2) (e) TFEU. 44 the Council and the Parliament in agreement 51 . The green light was, thus, granted to the Commission to proceed with the preparation of a legislative proposal 52 .
The Commission had the opportunity to present its proposal, adopted in December 2006 and accompanied by an impact assessment, at the 36 th Session of the Assembly of ICAO 53 . The grounds on which the Commission justified its consideration of expanding the scope of the EU ETS to cover emissions from international aviation 54 , evidently, did not convince ICAO, which resolved at its 36 th Assembly in 2007 that its Member States should abstain from implementing an ETS on other Member States' aircraft operators except on the basis of mutual agreement 55 . This outcome, widely perceived as a "stalemate" on emissions 56 , prompted the EU Member States and 15 other European States to record their reservation to the Resolution. Recalling that the Chicago Convention recognizes expressly the right of each contracting party to apply on a non-discriminatory basis its own air laws and regulations to the aircraft of all States, the EU Member States and the 15 other European States reserved their right to enact and apply market-based measures on a non-discriminatory basis to all aircraft operators of all states providing services to, from or within their territory 57 . This is, more or less, the background against which Directive 2008/101/EC including aviation activities in the EU ETS was adopted. . Subject to the scheme are, therefore, not only European airlines but also third country airlines. Nevertheless, where a third country has adopted measures to reduce the climate change impact of aviation, flights arriving from that country are, 52 Ibid. 53 in principle, excluded 60 . Aircraft operators are subject to the scheme with regard to their CO2 emissions only 61 .
Air Transport Association of America (ATA) et al v. UK -A challenge to the validity of Directive 2008/101/EC
As a "cap-and-trade" system, the scheme is based on the allocation of allowances, sufficient to cover up to a certain amount of historical emissions, i.e. emissions realized in the period 2004-2006 62 . The scheme is divided into periods of application. During the first year of its application, the allowances to be allocated will be equivalent to 97% of the historical aviation emissions 63 . The proceeds from the auctioning of allowances should be used to combat climate change 64 . The administration of the scheme is entrusted to the Member States and supervised by the Commission 65 . The administering Member State in respect of European airlines is the Member State that issued its operating licence 66 , whilst the administering Member State in respect of a third country airline is the State where the airline flies the most 67 . The number of allowances allocated to each operator for each period is based on verified tonne-kilometres data reported by that operator relating to its aviation activities in the relevant reference year 68 . Once-per-year operators surrender a number of allowances equal to their total emissions during the preceding calendar year 69 . Emissions are a function of fuel consumption 70 . An excess emissions penalty is imposed, amounting to € 100 per tonne of CO2, whilst failure to comply may result even in an operating ban 71 . Although allowances allocated to the aviation sector can only be traded within the aviation sector 72 , provision of allowances from other sectors is permitted 73 . Lastly, operators may avail themselves of project credits from the Joint Implementation or Clean Development Mechanism (JI/CDM) provided for in the Kyoto Protocol.
In December 2009, the Air Transport Association of America (now renamed "Airlines for America" (A4A) ) and a number of American airlines brought an action in the High Court of Justice of England and Wales against the measures adopted by the UK to implement the Directive -the UK being their administering Member State for the purposes of the application of the EU ETS. The applicants claimed that the Directive was unlawful in the light of international treaty law and customary international law. In view of the complexity of the legal issues at stake, the English Court stayed the proceedings and in July 2010 referred a number of questions to the Court of Justice for a preliminary ruling.
ICAO's exclusive competence to regulate emissions of international aviation; 3. the rule that air transport charges will only represent consideration for services provided; and, 4. the prohibition of tax on aviation fuel.
Concerning the issue of national sovereignty, the national court asked the Court of Justice to examine the validity of the Directive against:
1. the principles of customary law: a. that each State has complete and exclusive sovereignty over its airspace; b. that no state may validly purport to subject any part of the high seas to its sovereignty; c. of freedom to fly over the high seas; and d. that aircraft overflying the high seas are subject to the exclusive jurisdiction of the country in which they are registered, save as expressly provided for by international treaty. Concerning ICAO's exclusive competence to regulate emissions from international aviation, the national court called on the Court of Justice to examine the validity of the Directive against:
1. the Kyoto Protocol, which provides that: "The Parties…shall pursue limitation or reduction of emissions of greenhouse gases not controlled by the Montreal Protocol from aviation…bunker fuels working through the ICAO…" 78 2. The EU-US Open Skies Agreement, which provides that: "when environmental measures are established, the aviation environmental standards adopted by the ICAO…shall be followed except where differences have been filed…"
; 79 .
Concerning the prohibition of charges that do not constitute consideration for the services provided, the national court called on the Court of Justice to examine the validity of the Directive against: 74 See Article 1. 75 1. the Chicago Convention, which provides that: " […] Any charges that may be imposed …for the use of such airport and ANSs…shall be published and communicated to the ICAO. No fees, dues or other charges shall be imposed…in respect solely of the right to transit over or entry into or exit from its territory of any aircraft of a contracting State…" 80 2. the Chicago Convention in conjunction with the Open Skies Agreement, to the extent the latter echoes the former ; or 81 .
Concerning the prohibition of tax on aviation fuel, the national court called on the Court to examine the validity of the Directive against:
1. the Chicago Convention, which provides that: "…fuel…on board an aircraft of a contracting state, on arrival in the territory of another contracting state and retained on board on leaving the territory of that state shall be exempt from customs duty, inspection fees or similar national or local duties and charges…" 82 2. the Chicago Convention, in conjunction with the EU-US Open Skies Agreement, to the extent the latter echoes the former ; or, 83 .
The Court delivered its judgment in December 2011 84 , a mere 43 days after Advocate General Kokott had opined in favour of the validity of the Directive 85 and a mere 10 days before the entering into force of the Directive. In a judgment that looks like a somewhat condensed version of the AG's Opinion 86 , the Court concluded that: "Examination of Directive 2008/101/EC has disclosed no factor of such a kind as to affect its validity".
Although the Court considered that it was only competent to assess the validity of the Directive against the first three aforementioned principles of customary law and some provisions of the EU-US Open Skies Agreement -its competence being defined by the applicants' locus standi in the main proceedings, that is to say, their ability to invoke provisions of international law -in effect it tackled all issues at stake.
With regard to the violation of the principle of national sovereignty due to the extraterritorial application of the EU ETS, the Court dismissed such an allegation on the grounds that the application of the Directive is only triggered when a third country airline touches European ground, i.e. departs from or arrives in an EU aerodrome. The Court considered that this requirement constitutes an adequate territorial link to subject third country airlines to the unlimited jurisdiction of the EU. It further justified the territorial scope of the Directive, which extends beyond the boundaries of EU airspace, over the high seas and third country territory, on the basis of EU policy on the environment, which "seeks to ensure a high level of protection". Therefore, no 80 element of invalidity was detected, the proportionality check was deemed to have been met.
Regarding ICAO's role in regulating emissions from international aviation, it must be noted that the decision of the Court not to examine the validity of the Directive in the light of the Kyoto Protocol and, specifically, Article 2(2) thereof, resulted in the Court looking only at Article 15(3) of the Open Skies Agreement, which provides that: "when environmental measures are established, the aviation environmental standards adopted by the ICAO in annexes to the Convention shall be followed except where differences have been filed". The Court did not consider the absence of such environmental standards as an indirect but effective prevention of action on behalf of the Member States. Instead, it inferred from ICAO Resolution A 37-19 (which, in its annex, provides guiding principles for the design and implementation of market-based measures) the competence of the EU to proceed with the adoption of the ETS. In view of the fact that the EU ETS was found to be in line with ICAO's guidance, the Court pronounced the validity of Directive 2008/101/EC on those grounds also.
Lastly, with regard to the allegation that the EU ETS, to the extent it calculates emissions on the basis of fuel consumption, infringes the prohibition of any type of tax on fuel, the Court pointed to the architecture of the EU ETS as a market-based measure. It therefore found that "there is no direct and inseverable link between the quantity of fuel held or consumed…and the pecuniary burden on the aircraft's operator in the context of the allowance trading scheme's operation". The Court specifically focused on the price of allowances, which is not predetermined, but is a function of market forces, to rule out any parallel between the EU ETS and a duty, tax, fee or charge.
IV. Consequences of inclusion of aviation in the EU ETS for innovation
The inclusion of international aviation in the EU ETS has, admittedly, given rise to a groundswell of opposition not only from the industry, but also from the international community 87 87 See, for instance, the Joint Declaration of 21 sovereign countries, among which China, Russia and the United States, against the inclusion of aviation in the EU ETS, adopted at New Delhi on 30 September 2011 and subsequent action by the ICAO Council in response, culminating in Working Paper C-WP/13790, available at:
. It is hard to think of another instance in the history of civil aviation, where a regulatory initiative at a regional level has caused such a turbulence. Arguably, even the creation of the single European air transport market in the 1990s, which necessitated the renegotiation of several hundreds of bilateral air services agreements which the Member States had signed with third countries, proved to be an http://www.greenaironline.com/photos/ICAO_C.194.WP.13790.EN.pdf. See also the EU Emissions Trading Scheme Prohibition Act 2011 (HR) 2492, adopted on 24 October 2011 by the US House of Representatives, prohibiting US airlines from participating in the EU ETS, available at: http://thomas.loc.gov/cgi-bin/bdquery/z?d112:hr2594:. In this respect, see also A4A Press Release of 31.07.2012: "A4A commends Senate Commerce Committee for EU ETS Bill Approval", at: http://www.airlines.org/Pages/news_7-31-2012.aspx; A4A Press Release of 22.09.2012: "A4A applauds Senate passage of Bill that enables US airlines to refrain from participation in the EU ETS", at: http://www.airlines.org/Pages/news_9-22-2012.aspx. The threat of a trade war has been expressed actively by China, who suspended approval for US $ 12 billion worth of Airbus orders. Airbus estimates that this will jeopardize more than 1,000 Airbus jobs in Europe and at least another 1,000 in the supply chain. See Airbus Press Release of 12.03.2012: "Stop ETS trade conflict", available at: http://www.airbus.com/presscentre/pressreleases/press-release-detail/detail/stop-ets-trade-conflict/. easier task and, most importantly, was never seriously questioned for its compliance with international law 88 . In this sense, the EU ETS saga is slightly more complicated than the open skies saga of the past decade 89 . Nevertheless, a closer look at the picture would reveal a dimension that could hardly be negated: never before has the industry been so united around one single mission: innovation.
It is an open secret that the sector of air transport is plagued with very low profit margins 90 . Operating at a profit without any government backing is a herculean task 91 . The industry is, therefore, very resistant to any form of taxation that could further reduce its profitability 92 88 . At the same time, it appears cognizant of its environmental footprint and its obligation to internalize the cost of reducing that footprint. This is 89 Indisputably, the open skies judgments of the Court had, at the time, raised immense opposition, especially from the United States. Nevertheless, the international community had not opposed the creation of the single European air transport market in the 1990s and, most importantly, the conferral of Member State power on the Community, or in other words, the international community had accepted the acquis communautaire (expressed, in this case, in the form of Community competence in certain air transport issues) and, consequently, the associated jurisdiction of the European Courts. This fact alone is sufficient to distinguish between the open skies saga and the EU ETS saga. This is so for the EU ETS exceeds the boundaries of the Union, unduly interfering with international law and third country law. It is clear that the EU does not have any competence stemming from either EU law or international law to act in this manner. Whilst in the open skies case failure to replace the nationality clauses with Community clauses would nullify the freedom of establishment, in the EU ETS case, restriction of the scope of the scheme within the boundaries of the Union would not violate any provision of any order of law. It might be claimed that it would jeopardize the effectiveness of the scheme, which might be true, but this reality does not vest the EU with global powers in the field of air transport and the environment. 90 In Warren Buffet's words: "The worst sort of business is one that grows rapidly, requires significant investment to engender the growth and then earns little or no money. Think airlines". See Warren Buffet's letter of February 2008 to the shareholders of Berkshire Hathaway, available at: http://www.berkshirehathaway.com/letters/2007ltr.pdf. 91 Aviation ranks third among the industries that contribute most to the US economy, behind energy and farming. Yet, among the 53 principal industries that make up the nation's economy, Fortune magazine ranked airlines last in profitability. See: http://stopairtaxnow.com/. 92 See, e.g. airberlin Press Release of 11.11.2011: "Mehdorn demands immediate abolition of aviation tax", at: http://www.airberlin.com/en-GB/site/pressreleases_dr.php?ID=3964; Ryanair Press Release of 17.11.2011: "Airlines Urge Chancellor to axe the Tax", at: http://www.ryanair.com/en/news/airlinesurge-chancellor-to-axe-the-tax; Newcastle International Airport Press Release of 25.11.2011: " "Punitive" air tax hike is "worst thing the Government could do" for Newcastle say local businesses", at: http://www.newcastleairport.com/Newsroom/Press/PunitiveAitTaxHikeWorstThingGovernmentCould Do.htm; British Airways Press Release of 06.12.2011: "British Airways' statement on APD", at: http://press.ba.com/?p=2006; BAR UK Press Release of 06.12.2011: "Consultation on Air Passenger Duty a complete waste of time", at: http://www.bar-uk.org/press/press_2011.htm; Flybe Press Release of 06.12.2011: "Flybe response to Treasure Air Passenger Duty (APD) consultation", at: http://www.flybe.com/corporate/media/news/1112/06.htm; easyJet Press Release of 30.12.2011: "Airline CEOs' call for APD injustice to end as ETS takes effect", at: http://corporate.easyjet.com/media/latest-news/news-year-2011/30-12-2011-en.aspx; airberlin Press Release of 26.06.2012: "Aviation tax: airberlin calls for immediate implementation of responsible corrective measures", at: http://www.airberlin.com/en-DE/site/pressnews_dr.php?ID=3980. why it has expressed itself in favour of market-based measures as a means to address climate change, as opposed to environmental taxes. Nevertheless, the fact remains that even market-based measures, of which emissions trading schemes are an example, come at a cost. The realization that the only way to escape this cost without compromising growth is via innovation has brought together all industry stakeholders, from airlines to aircraft manufactures and from air navigation service providers to airports, in an effort to de-carbonise air transport.
International Civil Aviation Organisation (ICAO)
ICAO plays the role of the conductor in this process 93 . Its aims and objectives, which are generally "to develop the principles and techniques of international air navigation and to foster the planning and development of international air transport" 94 , are further elucidated in its Business Plan. The protection of the environment constitutes one of its strategic objectives, addressed by means of a specific action plan 95 . Technical work on measures to reduce the environmental effects of aviation is pursued by ICAO's Committee on Aviation Environmental Protection (CAEP). Over the past 40 years, the Committee has been active in minimizing the impact of aircraft noise and aircraft engine emissions through technological, operational and marketbased measures 96 .
Recently, in July 2012, CAEP agreed on a CO2 metric system which characterizes the CO2 emissions for aircraft types with varying technologies 97 . This is the first step towards a CO2 standard for civil aviation. The aim of the standard is to drive aircraft manufacturers towards more CO2 efficient aircraft, more fuel-efficient engines or innovations, such as improved aerodynamics or advanced materials 98 . The standard is expected to be fully developed by the end of 2013, following the necessary certification and regulatory procedures. ICAO did not omit to state that: "That ICAO was able to achieve consensus between the states who serve on the CAEP, in addition to the major airlines, aircraft manufacturers, environmental NGOs and other stakeholders who serve as observers to this process, highlights that there is a great deal of motivation in every quarter of our sector to achieve real progress on aviation environmental performance" 99 . CAEP has also recommended more stringent Nitrogen Oxides (NOx) standards for new aircraft engines certified after 31 December 2013.
As already mentioned, the 36 th Session of the ICAO Assembly failed to devise a global emissions trading scheme, something which prompted the EU to adopt Directive 2008/101/EC. Nevertheless, the pressure exerted on ICAO to provide 93 On the role of ICAO in general, see Abeyratne, "The role of the ICAO in the twenty-first century", 34 Annals of Air and Space Law (2009), 529-544. 94 See Article 44 of the Chicago Convention. 95 Ibid. 96 See, www.icao.int.environmental-protection/Pages/Assembly.aspx. 97 See, ICAO News Release COM 15/12: "New progress on aircraft CO2 standard", at: http://www.icao.int/Newsroom/Pages/new-progress-on-aircraft-CO2-standard.aspx. 98 See Airbus Press Release of 12 July 2012: "Airbus welcomes ICAO's first steps towards a CO2 standard", at: http://www.airbus.com/presscentre/pressreleases/press-release-detail/detail/airbuswelcomes-icaos-first-steps-towards-a-co2-standard/. See also IATA Press Release of 12 July 2012: "IATA welcomes ICAO progress on a CO2 standard for aircraft", at: http://www.iata.org/pressroom/pr/pages/2012-07-12-01.aspx. 99 Supra note 95. leadership resulted in the establishment of the so-called Group on International Aviation and Climate Change (GIACC), tasked with the development of the ICAO Programme of Action on International Aviation and Climate Change. The Programme of Action, adopted in October 2009, paved the way for the "breakthrough deal" achieved a year later at ICAO's 37 th Session of the Assembly, i.e. Assembly Resolution A37-19 on Climate Change 100 . Recognising the impact of international aviation emissions on climate change, as well as the reality that emissions are bound to increase due to the growth of air transport 101 , Member States and the industry agreed to work through ICAO to achieve a global annual average fuel efficiency improvement of two per cent until 2020 and an aspirational global fuel efficiency improvement rate of two per cent per annum from 2021 to 2050. The welcoming of the Resolution as a "breakthrough deal" by the European Commission is not, of course, due to those targets, which, in any event, are by no means binding. The Resolution was perceived as a historical agreement for it marks a transition from a state of inertia, whereby ICAO had admitted its inability to devise a global ETS to a state of action, whereby ICAO undertook to develop a framework for market-based measures in international aviation. As a first step, a list of guiding principles was prepared to be considered by the 38 th Session of the Assembly.
Aircraft Operators
Moving on to the airlines, who, by definition, have to shoulder a great deal of the burden the EU ETS entails 102 , their innovation efforts have been intense and in all possible directions. Unluckily, (and as a result of the Commission explicitly encouraging the cost pass through idea, whereby the cost for purchasing allowances is passed over to the customers 103 ), the immediate reaction of the airlines has been to introduce EU ETS passenger surcharges 104 invested in more fuel-efficient aircraft, modernizing their fleet 105 . Fuel efficiency has been further enhanced in manifold ways. For instance, airlines have espoused a more refined approach to aircraft loading, increased the frequency of engine washes and optimized their flight times 106 . At the same time, pilots have engaged in green navigation, opting for continuous descent operations. During a so-called continuous descent approach (CDA) procedure, the aircraft descends continuously, avoiding level flight prior to the final approach and requires less engine thrust and therefore less fuel burn 107 . Airlines have also partnered with air navigation authorities to achieve the most eco-efficient flight routings. High precision navigation, referred to as Performance-Based Navigation (PBN) 108 enables pilots to fly aircraft using radar or satellite coverage, or by using the on-board flight management system. Flight management systems onboard aircraft can determine the most efficient cruise altitude and speed to optimize fuel burn 109 Considering that fuel represents 30-40% of airlines' operating costs 111 , development of sustainable aviation biofuels is an area which has attracted a great amount of attention and funding on behalf of the airlines. The principle behind biofuels is based on the carbon cycle. Plants withdraw CO2 from the atmosphere through photosynthesis. When aircraft engines burn biofuel, this CO2 is released back into the atmosphere. Biofuel emits about 50% less CO2 than conventional fossil fuels 112 . Biofuels are further encouraged by the EU ETS, which considers them to be zero emissions for compliance purposes. To the extent biofuels are used by airlines, aircraft operators do not need to surrender any allowances or international credits in respect of the proportion of biofuels used during their flights 113 . Arguably, this arrangement is aimed at the fact that biofuels are not yet commercially viable, their production being still limited and their price non-competitive. Aircraft operators have, therefore, teamed up with all parts of the supply chain to accelerate the commercialization of biofuels. Today, R&D in biokerosene is widespread 114 , resulting in global fuel standard-setting bodies certifying that biofuels combined with conventional kerosene at a maximum ratio of 50:50 can be used in place of pure kerosene 115 . Ever since, thousands of flights have been operated on biofuels in almost all continents and even transcontinentally 116 http://www.mynewsdesk.com/pressroom/swedavia/news/view/green-flights-from-gate-to-gate-withgreen-connection-403 .
Aircraft Manufacturers
Aircraft manufacturers could not, for their part, have been left out of the innovation equation. The more airlines demand greener aircraft, the more eco-innovation constitutes for the manufacturers an issue of survival. Competition in aeronautics is fierce and investment in environmental R&D&I is colossal. New, more fuel-efficient, aircraft have entered the fleet, in each class, such as the Airbus A380, the Boeing 787 and the proposed new Bombardier C-series 117 . Engines account for about 70% of fuel efficiency 118 , manufacturers having also engaged in re-engining existing aircraft models. It is reported that there has been about 1% improvement in engine efficiency per year for the last 30-40 years 119 . Advanced aerodynamics is another factor contributing to fuel-burn improvement 120 . The mere introduction of winglets, for instance, accounts for 4-6% fuel saving per flight, winglets also being capable of being adapted to the current fleet. Composite materials out of which new aircraft are made, such as carbon fiber reinforced plastic, are lighter than metal and more resilient 121 . Weight is a key factor in fuel consumption and, respectively, engine emissions. If one also takes into account that airport landing charges and air navigation services charges are often a function of aircraft weight, the incentive to lighten the aircraft is huge. R&D&I in new technologies has resulted in new aircraft being plastic and electric. Wireless technologies have removed kilometers of wire from the aircraft, devices have been miniaturized, engines have shrunk in size, taxiing is becoming greener 122 domestic-airport and, if all of this is not evident to the average passenger, the same could not be said of the slim-line seats installed on a number of aircraft or, even, the light-weight trolleys that make air hostesses' lives easier and the serving of passengers faster.
Rising fuel prices have rendered alternative aviation fuels a real challenge for the industry and manufacturers have been explicit as to their "goal to have in place a value chain in every continent" 123 . Aeronautics has always been at the cutting edge of technology, yet biofuels are perceived by the industry as a game changer. Manufacturers have, as a result, been at the forefront of their development and certification 124 . Flight tests show that biofuels perform as well as or better than kerosene-based jet fuel 125 , something that has encouraged the use of biofuels in commercial passenger flights. Manufacturers are monitoring the fuel properties to study their long-term impact on aircraft performance, including on the maintenance and lifespan of aircraft engines 126 . What is crucial is that the industry underscores on every occasion that it is not only focused on the development and commercialization of biofuels, but also on their sustainability, "on creating sustainable aviation biofuels produced from renewable resources that do not drive food competition in vulnerable regions by competing with land and water resources" 127 .
Air Navigation Service Providers (ANSPs)
Key stakeholders in the battle against climate change are the Air Navigation Service Providers (ANSPs). Air traffic control is an essential feature of air transport, yet technological progress and the exponential growth of air transportation have largely surpassed the current infrastructure. Congestion is not only experienced on the ground, at large airport hubs, but also in the skies. Whilst, at first sight, the capacity of the skies appears virtually unlimited, in reality it largely depends on the available technologies and the way they are deployed.
The right to complete and exclusive sovereignty over the airspace above a country's territory, enshrined in Article 1 of the Chicago Convention, has naturally led to a fragmented system, whereby air navigation is organized at a national level. Each time cell powered autonomous taxiing", at: http://www.airbus.com/presscentre/pressreleases/press-releasedetail/detail/airbus-and-german-aerospace-centre-dlr-perform-research-tests-for-fuel-cell-poweredautonomous-tax/. 123 an aircraft enters a national airspace, it is serviced by a different ANSP on the basis of different rules and operational requirements. Strikingly, the technology used to manage these operations has remained the same ever since the birth of civil aviation in the post World War II era. According to the Commission, in Europe air traffic management consists of hundreds of air traffic control sectors operated by more than sixty air traffic control centres and more than 16,700 air traffic controllers managing the traffic from and to 450 European airports and also from and to third countries. This complex structure manages more than 26,000 daily flights in the EU, accommodates approximately 38,000 daily flight hours and operates on a network of aviation routes still optimized at national level and not yet at European level 128 .
In practice, this fragmentation, in conjunction with outdated radar-based technologies, has resulted in aircraft being assigned circuitous routings over direct ones, due to congested airways, as well as in delayed landings and departures. The problem of delays was initially felt at the level of passenger satisfaction. Very soon, though, it raised safety concerns and cost-efficiency considerations. Today, environmental protection has added another parameter to the problem, exemplified by the inclusion of aviation in the EU ETS. With ballooning fuel costs, and air navigation charges representing 6-10% of airlines' operating costs 129 , air transport is becoming ever more expensive. The need for radical reform of the air traffic control system has been recognized by the aviation authorities around the world, who have embarked on an ambitious mission in the direction of a global seamless sky.
The most prominent efforts are probably being made in the European Union and the United States. More specifically, in the EU the Commission launched in 2000 its Single European Sky (SES) initiative 130 , whose aim is to increase the capacity of the skies by organizing airspace and air navigation at a European level rather than at a local level 131 In the United States, the Federal Aviation Administration (FAA) has engaged in a comprehensive overhaul of the National Airspace System (NAS) by means of its Next Generation Air Transportation System (NextGen) programme 134 . According to the FAA, "the NextGen transformation is as important and massive a technological undertaking as any upon which the aviation community has ever embarked 135 . NextGen marks a transition, from the radar-based technology of the WWII era that is still used today, to satellite-based technology and advanced digital communications. Its objective is to connect airports and aircraft in the NAS to advanced infrastructure that enables continual sharing of real-time information. According to the FAA, Performance Based Navigation (PBN) capabilities and procedures, enabled by satellite positioning and other aircraft and ground-based technologies, are freeing aircraft from the old highways in the sky that are dependent on ground-based beacons. PBN enables more direct, fuel-efficient routes and provides alternatives for routing around NAS disruptions, such as bad weather or unexpected congestion. Likewise, automation system improvements are providing air traffic controllers with greater decision-making tools, while digital information sharing is helping aircraft operators, controllers and traffic managers work together to maximize efficiency in the air and on the airport surface 136 . NextGen has already introduced innovations, such as the Automatic Dependent Surveillance-Broadcast (ADS-B), a satellite-based successor to radar. A number of other innovations are being rolled out, such as the Automated Terminal Proximity Alert tool for controllers.
NextGen places special emphasis on the environment, sustainability together with economic impact, flexibility and safety being one of the pillars upon which it is based. Its holistic approach to the environmental impact of aviation includes, inter alia, efforts to allow jets to cruise more often at or near optimal altitudes to reduce fuel burn, reconfigured arrival routes to allow for optimal profile descents to reduce aircraft noise and emissions, and improved departure routing to reduce miles flown and flying time. A green deliverable of NextGen is the so-called Aviation Environmental Design Tool (AEDT), which uses dynamic aircraft performance algorithms to calculate aircraft noise levels, fuel consumption and exhaust emissions.
show key targets for European air traffic management "at risk""; European Commission MEMO/11/831, 25.11.2011, "Single European Sky progress reports"; European Parliament Press Release, 11.07.2012, "Time to deliver the single European sky, says transport committee", at: http://www.europarl.europa.eu/news/en/pressroom/content/20120711IPR48722/html/Time-to-deliverthe-Single-European-Sky-says-transport-committee. 133 For more information on SESAR, see DG MOVE website, at: http://ec.europa.eu/transport/air/sesar/sesar_en.htm. 134 For a comprehensive view on NextGen see, FAA NextGen Implementation Plan, March 2012, at: http://www.faa.gov/nextgen/implementation/media/NextGen_Implementation_Plan_2012.pdf. 135 See NextGen Implementation Plan, at p. 8. 136 Ibid, at p. 7.
The FAA estimates NextGen's environmental benefits at 14 million metric tones in cumulative reductions of CO2 emissions through 2020 and 1.4 billion gallons in cumulative reductions of fuel use for the same period.
The most interesting feature of both SESAR and NextGen is their openness to third country operators. This is important as it paves the way for global harmonisation of concepts, systems, procedures and standards. The FAA has explicitly stated that its aim is to ensure the investments which operators make in NextGen technology, procedures and training will deliver benefits everywhere 137 . On 3 March 2011, the European Commission and the FAA signed a Memorandum of Cooperation to coordinate SESAR and NextGen, embraced by a reciprocity clause that will allow European industry to participate in NextGen and American industry to participate in SESAR 138 . The European Union has signed a similar agreement with Japan with a view to implementing "interoperable and seamless Air Traffic Systems worldwide" 139 . Equally, the FAA is partnered with ANSPs in Australia, New Zealand, Singapore, Japan and Thailand in the context of the Asia and Pacific Initiative to Reduce Emissions (ASPIRE). Similar agreements have been signed by aviation authorities worldwide 140 .
Airports
Last, but not least, the final share in environmental innovation belongs legitimately to the airports. Like all other stakeholders, airports have resolved against the inclusion of aviation in the EU ETS, urging ICAO to intervene to prevent a trade conflict that would severely affect international air transport 141 . At the same time, airports recognize that the industry needs to demonstrate environmental stewardship 142 and have assumed their share of responsibility. Obviously, the main innovations embraced by airports are linked to the modernization of air traffic control infrastructure. SESAR is all about integrating the airport into the network to achieve airside and groundside synchronization and, therefore, a more predictable and interoperable "gate-in" and "gate-out" travel experience 143 , what the FAA has described as "getting the right information to the right person at the right time" 144 137 Ibid, at p. 11.
. A tool to achieve "common situational" awareness, i.e. real time sharing of operational data and information between the stakeholders using an airport, is the so-called Airport Collaborative 138 See website of DG MOVE, at: http://ec.europa.eu/transport/air/sesar/sesar_international_cooperation_en.htm. 139 See MOC at: http://ec.europa.eu/transport/air/international_aviation/country_index/doc/2011-07-19press-release-sesar-japanese-moc.pdf. 140 See e.g. NATS Press Release of 25.05.2012: "CAAS and NATS in Cooperation Agreement on Air Traffic Management", at: http://www.nats.co.uk/news/caas-and-nats-ink-cooperation-agreement-onair-traffic-management/. 141 See ACI Press Release of 01.11.2011: "Airports call for urgent action on European Union Emissions Trading Scheme", at: http://www.aci.aero/cda/aci_common/display/main/aci_content07_banners.jsp?zn=aci&cp=1-7-46%5E45020_725_2__. 142 See ACI Press Release of 22.04.2012: "Towards a global vision of sustainable air transport", at: http://www.aci.aero/dev/aci_common/display/main/aci_content07_banners.jsp?zn=aci&cp=1-7-46%5E46836_725_2__. 143 See Air Transport News of 16.03.2011: "Implementing Single European Sky -The Way Forward", at: http://airtransportnews.aero/analysis.pl?id=1050&keys=SES. 144 See website of FAA at: http://www.faa.gov/nextgen/why_nextgen_matters/.
Decision Making (A-CDM) SESAR deliverable. Successful implementation of A-CDM reduces delays and fuel consumption, resulting in less greenhouse gas emissions 145 . Equally, the "NextGen for Airports" part of the NextGen initiative provides for a comprehensive package of measures to achieve efficiencies by means of operational and technological innovations 146 .
Besides espousing measures to be integrated into the air traffic management network, airports have devised their own mechanisms to reduce their environmental footprint and contribute to carbon neutral growth. Airport Carbon Accreditation, the industry's flagship climate change initiative, is a voluntary carbon management certification programme that has gathered the support of a considerable number of airports, as well as the ICAO. Initially launched in Europe in 2009, the programme provides for four levels of certification (i.e. mapping, reduction, optimization and neutrality) and has so far led to a reduction of CO2 emissions by more than one million tonnes 147 . Airports have also been active in the areas of recycling, water conservation, green energy, air quality, noise pollution and land use. For instance, Airports of Thailand Ltd has implemented "Green Buildings", using natural light and energy originating from heated water transformed into electricity for cooling purposes. Moreover, ground handling vehicles and airport shuttles are electrically powered to avoid air pollution. A "Fixed Electrical Ground Power Supply" system is also used to reduce "Aircraft Auxiliary Unit" in the airport parking bay area, which normally releases a substantial amount of carbon dioxide. Furthermore, some stations use solar-powered energy to generate electricity for equipment and communication tools, used to measure noise pollution 148 . Similar measures have been adopted by a sizeable number of airports worldwide 149 .
V. Who is paying the bill for innovation?
There is no doubt that the aviation industry is dancing to the rhythm of innovation. There is no stakeholder that has not joined the dance and there is no area of activity that has not received an innovation touch. Of course, this is not innovative for an industry that is, by its nature, at the cutting edge of technology. Arguably, aviation mirrors scientific and technological progress and, as such, it is in itself a platform of innovation. The supersonic jet of the 1970s is just an example thereof. Nevertheless, there appears to be a difference between yesterday's innovation and today's innovation in that the latter is engaged not necessarily in operational improvement, but in environmental protection. In this sense, the inclusion of aviation in the EU ETS has been a catalyst for green innovation in the sector, whose effects have been most prominent in the areas of biofuels, air traffic control and aeronautics. An interesting question that arises at this point is who bears the cost of innovation, given the inability of the industry to cover it in its entirety.
Sustainable alternative aviation fuels
Looking first at the area of alternative fuels, one could not help noticing ICAO's role, ICAO being entrusted by the Chicago Convention with the "safe and orderly growth of international civil aviation throughout the world" 150 . Recognising that improvements in technology and operational measures do not suffice to offset the increase of greenhouse gas emissions linked to the exponential growth of air transport, ICAO regards biofuels as a promising approach towards closing the greenhouse gas emissions mitigation gap. In November 2009, ICAO held a Conference on Aviation and Alternative Fuels (CAAF) 151 1. providing fora for education and outreach on sustainable aviation biofuels;
to showcase the state of the art in this area. At the Conference, States agreed to develop, deploy and use sustainable alternative fuels to reduce aviation emissions. To facilitate, on a global basis, the promotion and harmonization of initiatives that encourage and support the development of aviation biofuels, the Conference established the so-called ICAO Global Framework for Aviation Alternative Fuels (GFAAF). The key activities ICAO has engaged in, in this respect, are the following: 2. providing fora for facilitating the exchange of information on financing and incentives for sustainable biofuels for aviation programmes working with the relevant United Nations and regional financial entities; 3. facilitating the development of standardized definitions, methodologies and processes; 4. supporting a platform for access to research roadmaps and programmes 152 .
ICAO has been active in all of those areas 153 150 See Article 44 (a). See also Article 44 (d), which in a similar fashion entrusts ICAO with the task of meeting "the needs of the peoples of the world for safe, regular, efficient and economical air transport".
, whilst, at the request of CAAF, it has entered into preliminary discussions with the World Bank and the Inter-American Development Bank to facilitate a framework for financing infrastructure development projects dedicated to alternative aviation fuels and incentives to overcome initial market hurdles 154 .
At EU level, the promotion of biofuels has to be seen in the context of the EU climate and energy policy. In 2007, the European Council set a number of targets to be achieved by the year 2020, namely a 20% share of renewable energy, a 20% improvement in energy efficiency and a 20% reduction in greenhouse gas emissions. In execution of this goal, the Renewable Energy Directive (RED) that followed 155 prescribed that 10% of all energy in the transport sector must come from renewable energy sources, sustainable biofuels being counted towards this target 156 . To spearhead the commercialization of aviation biofuels in Europe, in 2011 the European Commission, in cooperation with Airbus and leading European airlines and biofuel producers, launched the so-called "European Advanced Biofuels Flightpath" initiative 157 . The Flightpath aims at a two million tonne take-off of sustainable biofuels in the EU civil aviation sector by the year 2020, addressing the main hurdles on the way to commercialization, namely: 1. lack of policy incentives, 2. lack of adequate financing, and 3. lack of long-term off-take agreements between the biofuel producers and the aviation industry. So far, the European Commission has organized, in cooperation with the industry, a number of workshops to facilitate the fulfilment of the targets set 158 .
On the same wavelength with the EU are also the US authorities, who consider sustainable alternative jet fuels key to meeting the environmental goals of The main accomplishment of CAAFI to date is, arguably, the approval by ASTM International, the standard-setting organization in charge of certification of commercial aviation kerosene, of new fuel specifications. In August 2009, ASTM International approved the use of synthetic fuel from a process known as Fischer-Tropsch (FT) synthesis up to a 50% blend with conventional Jet A fuel 161 . In July 2011, ASTM approved another process of production of synthesized hydrocarbon jet fuels, based on hydroprocessed esters and fatty acids (HEFA) 162 . This amended fuel specification is the culmination of a collaborative effort among the FAA, the Department of Defence and the aviation industry through the CAAFI 163 .
In July 2010, the US Department of Agriculture (USDA) and Boeing signed a resolution, formalizing their commitment to work together on the "Farm to Fly" initiative. The Farm to Fly programme seeks to "accelerate the availability of a commercially viable and sustainable aviation biofuel industry in the United States, increase domestic energy security, establish regional supply chains and support rural development" 164 . To advance the initiative, each organization designated personnel to serve on the Farm to Fly Working Team to discuss appropriate actions. The Team's discussions culminated in a report, published in January 2012, exemplifying the nexus between clean-energy innovation and rural development. To date, Farm to Fly has emerged as the nation's most promising effort to promote aviation biofuel development across the federal government and in partnership with the private sector. The US Department of Agriculture and Department of Energy are working together with the FAA, Department of Defence, other government agencies and airlines and aerospace manufacturers to promote this new industry 165 .
Lastly, the Continuous Lower Energy, Emissions and Noise (CLEEN) programme is a NextGen effort to accelerate development and commercial deployment of, inter alia, sustainable alternative fuels. Starting from the premise that there is no single renewable jet fuel solution that will meet all of aviation's needs and that crop availability, diverse climates and the energy production potential of a given region are variables that necessitate multiple solutions for meeting fuel demand 166 , CLEEN focuses on a wide range of alternative fuels. To that end, the FAA seeks to achieve ASTM approval of as many commercially viable and environmentally sustainable drop-in alternative fuel options as possible 167 . CLEEN further focuses on the quantification of the associated benefits, a process that requires quantifying the fullcycle emissions from alternative fuel production, distribution and use. Moreover, safety and transition strategies that enable "drop-in" replacement of petroleumderived aviation fuels are being explored 168 . In December 2011, the FAA announced contract awards to analyse fuel quality control procedures, conduct engine durability tests with alternative fuels and perform key testing to support qualification and certification of jet biofuels from alcohols, organic matter and other renewable materials. The FAA expects these activities to support the next round of fuel approvals, scheduled to begin in 2014 169 .
At an industry level, investment in sustainable biofuels has been unprecedented. Aircraft manufacturers, airlines and airports have joined forces either among themselves or together with the public sector, providing financing and expertise for the carrying out of numerous projects around the world 170 .
In Europe, the so-called Green Sky programme involves the conversion of tonnes of municipal waste destined for landfill sites into jet fuel. The project initially involved Solena Group (a platform company developing facilities worldwide to produce sustainable aviation and marine fuels from biomass) and British Airways as a risksharing partner. Specifically, British Airways undertook to purchase all the fuel produced by Solena's plant in London 171 . The project soon gained momentum, Alitalia and Solena signing a letter of intent to initiate a study on the feasibility of implementing a system for the conversion of municipal solid waste into aircraft biofuel in order to meet part of Alitalia's fuel needs 172 . A few months later, the Air Transport Association of America followed suit, announcing that a core group of airlines has signed letters of intent with Solena for a future supply of jet fuel derived exclusively from biomass 173 .
The Sea Green project of Cranfield University to develop micro-algae-based feedstock production for biofuels found an ally in the Sustainable Use of Renewable Fuels (SURF) consortium. The consortium, which comprises Airbus, British Airways, Rolls-Royce, Finnair, Gatwick Airport and IATA, was set up to serve as an advisory and steering group to Cranfield's Sea Green project 174 .
Moving on to Germany, in the year 2011 Lufthansa was the first airline worldwide to operate daily commercial passenger flights for a period of six months, using a biofuel blend, composed of 50% of regular kerosene and 50% biosynthetic kerosene, based on Hydro-processed Esters and Fatty Acids (HEFA). Airbus provided technical assistance and monitored the fuel properties. The cost of the project, estimated at € 6.6 million, was partly covered by the German Federal Ministry of Economics and Technology. Specifically, Germany granted € 2.5 million out of the so-called Future Aircraft Research (FAIR) budget, FAIR being a larger project looking into, inter alia, biofuels 175 .
In Spain, Iberia, airport authority AENA and microalgae technology company Alga Energy have set up a research facility at Madrid Barajas Airport to explore the potential of micro algae as a biofuel to power airport ground vehicles and aircraft. The initial budget allocated to the project amounts to € 600,000. Iberia has also signed an agreement with Airbus and the Spanish government to develop a value chain for the production of biofuels. The project is structured around three phases, namely a feasibility study, demonstration trials and scaling up of production process. Iberia has contributed its airline and aircraft maintenance experience, as well as its engines and aircraft for the necessary tests 176 . Lastly, Iberia has been engaged in yet another project to advance the use of aviation biofuels, i.e. Spain's "Green Flight" programme. In cooperation with Airbus and Spanish energy company "Repsol", Iberia was the first airline to perform a commercial domestic flight on a blended jet biofuel sourced from the camelina sativa plant 177 .
Camelina as a feedstock is also being considered in the context of the "Romanian Camelina value chain" project, carried out by TAROM, Airbus, Camelina Company España and UOP. The consortium is working on the development of a sustainable biofuel supply chain capable of producing significant quantities of Camelina in the coming years in accordance with the European Biofuels FlightPath, aiming at two million tonnes of biofuels in 2020 178 .
Moving on to America, one could not help mentioning the Sustainable Aviation Fuels Northwest (SAFN) initiative, the first regional stakeholder effort to explore the opportunities and challenges surrounding the production of sustainable aviation fuels. The initiative was launched in 2010 by Boeing, Alaska Airlines, the region's three largest airport operators and Washington State University. A non-governmental organisation was retained to manage a stakeholder process that included more than 40 organisations ranging across aviation, biofuels production, environmental advocacy, agriculture, forestry, federal and state government agencies, academic research and technical consultancies 179 .
In the same vein, in May 2012 United Airlines, Boeing, Honeywell's UOP, the Chicago Department of Aviation and the Clean Energy Trust announced the formation of the Midwest Aviation Sustainable Biofuels Initiative (MASBI), designed to advance biofuel development in a 12-state region. MASBI has invited a diverse set of stakeholders, including airlines, fuel producers, feedstock growers, logistics providers and investors to add their knowledge and expertise to the effort. Organisation stakeholders are developing a feasibility study and an action plan, whilst MASBI's Advisory Council includes the US Department of Defence, US Department of the Navy, other federal agencies, non-governmental organisations and academic institutions 180 .
Another initiative worth mentioning is the "Plan de Vuelo" project in Mexico under which the government seeks to supply biofuels to 18 Mexican airports. The stakeholders involved include raw material providers, biorefineries, aircraft manufacturers, airports, airlines, financial institutions and the government 181 .
In Brazil, aviation companies, biofuel producers and the sugar cane, algae and jatropha industries have formed the Brazilian Aviation Biofuels Alliance (ABRABA) to promote public and private partnerships to develop and certify sustainable aviation biofuels 182 . In addition to ABRABA, Embraer, Boeing and the São Paulo State Research Foundation (FAPESP) have embarked on a long-term aviation biofuel R&D programme with a view to creating the first biofuel research centre in Brazil 183 . Embraer and Boeing have also partnered with the Inter-American Development Bank (IDB) to jointly fund a sustainability analysis concerning the production of direct sugar-to-hydrocarbon renewable jet fuel from Brazilian sugar cane. The study, which was led by a research think-tank in Brazil and was independently reviewed by the World Wildlife Fund (WWF), evaluates environmental and market conditions associated with the use of this fuel 184 .
Asia could not abstain from the global efforts towards sustainable aviation biofuels. The Qatar Advanced Biofuel Platform (QAPB) consortium, composed of Qatar Airways, Airbus, Qatar Petroleum, Qatar University Science and Technology Park and Rolls-Royce are developing the first large-scale algae bio-jet fuel value chain in the world. Interestingly, the knowledge gained from the project will be used by Qatar University to develop a bioengineering course 185 .
In Abu Dhabi, the Sustainable Bioenergy Research Consortium, founded by Etihad, Boeing and Honeywell subsidiary UOP and hosted by Masdar Institute, examines the viability of sustainable biofuel production as part of an integrated seawater agricultural system in Abu Dhabi and the potential for wider application and commercialisation 186 . Etihad specifically has contributed over USD 2 million to the programme 187 .
Moving on to China, the Joint Research Lab for Sustainable Aviation Biofuels, established by Boeing and Qingdao Institute of Bioenergy and Bioprocess Technology, aims at accelerating research leading to commercialization of sustainable aviation biofuels. The parties have allocated to the Lab the amount of USD 3 million for a three-year start-up period 188 . A very promising effort to develop new fuel types for commercial aviation is made by energy company LanzaTech and Virgin Atlantic. The parties seek to harness the waste gasses from steel manufactured in China and India in order to develop a next generation biofuel. LanzaTech estimates that its process can apply to 65% of the world's steel mills, as well as to metals processing and chemical industries, allowing the fuel to be rolled out for worldwide commercial use. Virgin Atlantic will be the first airline to use this fuel and has further undertaken to contribute towards achieving the technical approval required for the commercialization of the fuel 189 . A further promising partnership has been forged by China's National Energy Administration (NEA) and Boeing. The parties have agreed to carry out a study, whose results will help support future efforts to establish a sustainable aviation biofuels industry in China and also form the foundation for a proposed renewable energy agreement between the United States Trade and Development Agency and the NEA 190 .
Last but not least, in Australia, a consortium including Airbus, Virgin Australia, the UK's Manchester Metropolitan University and an entity developing sustainable farming systems as part of the Australian Government's Cooperative Research Centre (CRC) programme is exploring a new pathway to produce sustainable aviation fuels from eucalyptus mallee trees, indigenous to Australia, via a process called pyrolysis. The partnership agreement aims to develop a complete sustainable aviation biofuels production capability in Australia, using only sustainable resources 191 . The conditions needed for the production of aviation biofuels from sustainable sources within Australia are also being examined by Qantas, which is preparing a feasibility study. The study is sponsored by the Australian Government under the Emerging Renewables Programme, whilst Shell is providing technical support 192 .
Summing up, the Sustainable Aviation Fuel Users Group (SAFUG) epitomizes the industry's joint efforts in the area of biofuels. SAFUG was formed in 2008 with support and advice from the world's leading environmental organisations, such as the Natural Resources Defence Council and the Roundtable for Sustainable Biofuels (RSB). Its members, who have all signed a sustainability pledge, represent approximately 32% of commercial aviation fuel demand, whilst its affiliates represent the entirety of the core manufacturing industry 193 .
Air Traffic Management (ATM)
In the area of modernisation of the air traffic control infrastructure, ICAO's role and contribution are pivotal, ICAO being vested by the Chicago Convention with the power to develop the principles and techniques of international air navigation so as to encourage, inter alia, "the development of air navigation facilities" 194 . The nature of ICAO as a primarily technical-standard setting body implies significant investments in the area of ATM. Indeed, the transition of the aviation community from the air traffic control environment of the 20 th century to the performance-based, integrated and collaborative ATM system of the 21 st century could never occur without ICAO's guidance and leadership. As a matter of fact, both NextGen in the United States and SESAR in Europe, which focus on improving safety, capacity, fuel consumption and environmental impact, are aligned with ICAO's Global Air Navigation Plan, which was developed in consideration of the ICAO Global ATM Operational Concept and ICAO's Strategic Objectives 195 . Besides the vast number of Documents, Circulars and Guidance Manuals issued by ICAO for the assistance of its Member States, ICAO has always been active in gathering the aviation community round Conferences, Symposia and similar events in preparation of the industry's global action. In September 2011, ICAO hosted a special Global Air Navigation Industry Symposium to frame the key issues and solutions to be presented at the Twelfth Air Navigation Conference. The Conference, scheduled for November 2012, will seek broad agreement on aviation's new strategic plan 196 . ICAO estimates that investment in the transformation of air transportation systems in the next 10 years will amount to $ 120 billion. While NextGen and SESAR account for a large share of this spending, parallel initiatives are underway in many other areas, including Latin America, Russia and Japan 197 .
In Europe, the launch of the Single European Sky initiative brought ATM under EU competence 198 193 
See
. The technological element of the Single European Sky, that is to say the modernization of the air traffic control infrastructure, is the subject-matter of the SESAR project. SESAR consists of three phases: a definition phase, a development phase and a deployment phase. The definition phase, which lasted from 2005 to 2008, was co-financed by the Community and the European Organisation for the Safety of Air Navigation (Eurocontrol). During that time, the realization of the magnitude of the project led to the establishment of the SESAR Joint Undertaking, tasked with the management of the funds assigned to the project during its development phase from 2008 to 2013 199 . The financing of the Joint Undertaking should come from contributions from its members, including private undertakings. Given the R&D nature of the Joint Undertaking's activities, EU funding should be paid in particular out of the R&D Framework Programmes. Additional funding could be paid out of the Trans-European Network programme 200 . The Union's contribution to the SESAR Joint Undertaking has been set at € 700 million, divided in equal parts between the Seventh Framework Programme and the Trans-European transport network programme for the period 2007-2013 201 .
Title XVI of the TFEU (Articles 170-172) regulates the area of Trans-European networks (TENs). The establishment and development of TENs in the areas of transport, telecommunications and energy infrastructures is deemed instrumental in achieving a functioning internal market, as well as economic, social and territorial cohesion 202 . The Union's action in this respect "shall aim at promoting the interconnection and interoperability of national networks, as well as access to such networks" 203 . One of the main obligations of the Union in pursuance of those objectives is the identification of projects of common interest 204 . The development and deployment of air traffic management systems which ensure interoperability between national networks has been singled out as a project of common interest 205 and has been allocated an estimated budget of € 350 million over the period 2007-2013 206 .
SESAR's definition phase resulted in the European ATM Master Plan, which specifically addressed the financing and investment aspects of the project's deployment phase 207 . The estimated cost of the deployment phase, which involves the production and implementation of the new ATM infrastructure, is € 30 billion over the period 2008-2020 208 . The cost of deployment will be covered by the industry, i.e. by the airlines, airport operators and air navigation service providers. The Master Plan provides a breakdown of the total investments and the investments over time per stakeholder. To mitigate the risk of delays in the deployment of the new infrastructure, the Commission has suggested potential solutions for innovative funding and financing schemes 209 .
On the other side of the Atlantic, the NextGen programme is similarly a collaborative effort between the Federal Aviation Administration and industry stakeholders, namely operators and airports. The FAA has emphasized the importance of synchronization of investments to achieve timely NextGen benefits. At the same time, it has acknowledged the complexity and cost the transition to the new system entails and the reluctance of operators to proceed with the necessary investments, especially during the first stages of deployment. Specifically, the FAA recognizes that: "Quantitatively, equipage questions become complicated. Operators must consider the costs of equipment; installation, training and operations; incentives to equip; the timetable for FAA deployment of capabilities; users' confidence in benefit estimates, and other factors. Many of these decision criteria remain uncertain, leading many operators to take a wait-and-see approach to equipping" 210 . This is why the FAA stays focused on the steady refinement of its benefit estimates, enabled by analysing a continuing stream of data from the demonstrations, trials, flight evaluations and simulations conducted as a normal part of developing NextGen systems and procedures 211 . To foster a common understanding of NextGen priorities in the context of overall NextGen capabilities and implementation constraints, the FAA requested the formation of an advisory committee, representative of all stakeholders. The advisory committee has come up with a number of recommendations on issues especially of metrics, equipage and related incentives, prompting the FAA to streamline NextGen accordingly. The FAA estimates that the overall NextGen initiative has a benefit-tocost ratio of more than two-to-one 212 207 
, the break-even point being estimated in the year 2020. Although, as appears from the 2012 Implementation Plan, budget constraints and limitations are an issue of concern for the FAA, budget requests to Congress not http://ec.europa.eu/transport/air/single_european_sky/doc/european_atm_master_plan.pdf. See also Study prepared for DG MOVE by the consultant booz&co. on adequate and innovative funding mechanisms for the preparation and transition to the deployment phase of the SESAR Programme, at: http://ec.europa.eu/transport/air/sesar/doc/2-2010_09_28_funding_and_financing_of_sesar.pdf. 208 See SESAR Master Plan, at p. 83. 209 See Commission Staff Working Paper on preparing a deployment strategy for the SES technological pillar, SEC (2010) 1580 final, 10.12.2010. 210 See p. 20 of NextGen 2012 Implementation Plan. 211 Ibid. See also Appendix A of the Implementation Plan, which outlines the opportunities for investment by operators and airports. 212 Ibid, at p. 20. always being met in their entirety 213 , projected investments for the years to come remain considerable 214 .
A joint environmental initiative between the FAA and the European Commission, which, arguably, paved the way for the EU-US Memorandum of Cooperation signed in 2011 215 , is the Atlantic Interoperability Initiative to Reduce Emissions (AIRE). Under this initiative, ATM stakeholders work collaboratively to perform integrated flight trials and demonstrations in an effort to validate solutions to reduce CO2 emissions for surface, terminal and oceanic operations. On the European side, AIRE is managed by the SESAR Joint Undertaking, whilst in the United States the FAA is the authority in charge 216 . In 2011, the FAA, the European Commission, the European air navigation service providers and 40 European airlines joined forces to demonstrate NextGen and SESAR capabilities on transatlantic flights. The effort involved several gate-to-gate projects, including transatlantic green flights, using procedures designed to reduce environmental impact and requiring no special equipage. AIRE entered its third phase in 2012 217 .
Aeronautics Industry
Innovation in aeronautics has not only manifested itself in the area of air traffic management, but also in the area of aircraft and engine construction. ICAO's role is catalytic in this regard, since it is the body in charge of encouraging the arts of aircraft design and operations 218 and promoting generally the development of all aspects of international civil aeronautics 219 . ICAO's role is expressed by adopting international standards and recommended practices and procedures with which States must, in principle, comply 220 . Understandably, ICAO's considering of aviation's environmental footprint predates the EU ETS. In fact, aircraft have long been required to meet the environmental certification standards adopted by ICAO concerning noise and engine emissions. These certification standards, contained in Annex 16 of the Chicago Convention 221 assessments of environmental improvements expected from operational initiatives in the medium and long term are also underway. This process is being led by panels of independent experts to ensure transparency and the involvement of all stakeholders. The purpose of this goal-setting exercise is to provide strict yet reasonable targets for industry R&D to aim at in cooperation with States 222 .
More specifically, concerning engine emissions, of particular relevance is the standard for NOx , a precursor for ozone, which at altitude is a greenhouse gas. The standard for NOx was first adopted in 1981 and then made more stringent in 1993, 1999 and 2005. In 2010, CAEP/8 agreed on a new NOx standard with an effective date of 31 December 2012, as well as a production cut-off of engines complying with the current standard with an effective date of 31 December 2012. As already mentioned, an aviation CO2 emissions standard is in the making, expected to be fully developed by the end of 2013 223 . With regard to fuel burn, a workshop to consolidate the knowledge base for fuel burn improvements through weight reduction, aerodynamic improvement, engine fuel efficiency improvement and aircraft system optimization was conducted in 2009 and a follow-on review was conducted in 2010. A report of these reviews and workshops and the resultant medium and long-term goals for fuel burn reduction technologies will be presented at the CAEP/9 meeting in 2013. CAEP/9 is similarly going to consider more stringent noise standards which are currently under development 224 . The progressive tightening of ICAO standards is evidently a healthy reaction to the growing climate change concerns. Moreover, it pioneers technical innovation in the sector, setting all the higher thresholds. The work involved in this process is considerable as is the capital expenditure required.
Indisputably, although the inclusion of aviation in the EU ETS functions in itself as a catalyst for green innovation in aeronautics, aircraft operators have a significant share in this process, since they are the ones who place orders for greener aircraft and assume the associated cost. Nevertheless, as their buying power is limited and innovation is expensive, aircraft manufacturers are incentivised to rationalize their cost base in order to protect their market share in an industry which is notoriously antagonistic. It is, therefore, clear that a share of the innovation cost should be met by aircraft manufacturers. Considering that the environmental benefits of green innovation are reaped by society at large, and not only by the industry, the EU has put in place mechanisms that aspire to evenly distribute the cost of innovation. EU mechanisms in this regard fall broadly into two categories, i.e. EU programmes to support R&D&I activities and EU rules to facilitate the granting of State aid.
In recognition of aviation's immense contribution to the European economy and its pivotal role in social cohesion, in the year 2000, the Commission invited personalities from key stakeholders to chart the flightpath that would lead Europe to global leadership in the field of aeronautics. The so-called Group of Personalities deployed its vision in a report, entitled: "European Aeronautics: A vision for 2020". At the same time, it agreed to establish a new Advisory Council for Aeronautics Research in Europe (ACARE), tasked with the development of a strategic research agenda (SRA). ACARE was launched in 2001 and soon attracted over 50 members, including the European Commission, 27 Member States, manufacturers, airlines, airports, air navigation service providers, the European Aviation Safety Agency, Eurocontrol, research centers and universities, the energy industry and regulators 225 . Ever since its establishment, ACARE has stayed faithful to its mission, counting numerous examples of successful research 226 . At the same time, it has expanded its horizon beyond 2020 and towards 2050 and has embarked on the development of a new Strategic Research and Innovation Agenda (SRIA) for aviation 227 . To ensure the dissemination of the SRIA and raise the profile of EU research in the aeronautics sector on a global scale, the European Commission is supporting via Seventh Framework Programme financing a Communication project, AERA-Pro. AERA-Pro will organize and promote a number of dissemination events all around the European Union 228 . In the same vein, the Commission has created a single portal for all transport research conducted at European and national levels and in ERA countries. The Transport Research and Innovation Portal (TRIP) provides the most up-to-date information on transport research projects, programmes and activities to increase awareness, understanding and the take-up of transport research results. TRIP is also funded by the Seventh Framework Programme 229 .
In its Strategic Research Agenda, ACARE emphasised that technological changes are needed in order to achieve by 2020 the goals of cutting CO2 emissions by 50%, NOx emissions by 80%, perceived external noise by 50%, and making substantial progress in reducing the impact of manufacture, maintenance and disposal of aircrafts and related products on the environment. The Seventh Framework Programme provides for a Community contribution to the establishment of long-term public-private partnerships in the form of Joint Technology Initiatives (JTIs), which could be implemented through Joint Undertakings within the meaning of Article 187 TFEU. To this end, in 2007 the Council invited the Commission to submit proposals for the setting up of JTIs that have reached an appropriate stage of preparedness. Council Regulation No. 71/2007 setting up the so-called Clean Sky Joint Undertaking 230 , is an expression of the realization that the extent of the effort required to address the environmental challenges to the air transport system is such that it justifies the setting up of a legal entity to ensure the coordinated use and efficient management of the funds assigned to the JTI. The Clean Sky JTI aims at mitigating the various risks of market failure which discourage private investment in aeronautics research in general and in clean air transport technologies in particular. The Clean Sky JTI has attracted all key stakeholders, who are equally responsible for its financing. Specifically, the total budget allocated to Clean Sky for the period 2008-2017 amounts to €1.6 billion, In the United States, the Federal Aviation Administration has also expressed its commitment to environmental stewardship by forging partnerships with the private sector to develop green aircraft and engine technologies. The Continuous Lower Energy, Emissions and Noise (CLEEN) programme is NextGen's main tool to develop new technologies, procedures and, as already mentioned, sustainable alternative jet fuels. Specifically, CLEEN's goals include developing and demonstrating by 2015:
-certifiable aircraft technology that reduces aircraft fuel burn, energy consumption and GHG emissions; -certifiable aircraft technology that reduces noise levels; and -suitability of new technology for engine and aircraft retrofit to accelerate penetration into the commercial fleet 232 .
In 2010, the FAA awarded five-year agreements to Boeing, General Electric, Honeywell, Pratt & Whitney and Rolls Royce to pursue the CLEEN goals. The total federal investment amounts to $ 125 million. CLEEN being a cost-sharing programme, the industry's contribution has to be at least commensurate, raising the total value of investments to $ 250 million 233 .
Besides those initiatives, green innovation in the area of aeronautics has been greatly supported by the EU Member States themselves via the EU State aid regime. Government subsidies have always been a means to support industry, yet the European Union is the only trading block in the world that has regulated the granting of subsidies by means of a comprehensive set of rules. The EU State aid regime justifies the granting of aid for a wide range of objectives of common interest. Innovation is one of them.
State aid may only be granted when it targets a genuine market failure and, even then, upon strict conditions. Investment in green technologies in aeronautics is costly and risky. As a result, the private sector is reluctant to step in. The State aid regime aims at addressing this reluctance by dividing the risk between the public and the private sectors. 237 . Nevertheless, the capital-intensive nature of investments in aeronautics in principle rules out the application of the Risk Capital Guidelines and the General Block Exemption Regulation. Whilst it is true that the European aeronautic industry numbers approximately 82,000 aeronautical companies, including a significant share of small and medium-sized enterprises 238 , the thresholds provided for in the Risk Capital Guidelines and the GBER are easily met, rendering individual notification under the R&D&I Framework necessary 239 . At the same time, the R&D&I Framework applies also to relevant measures in the environmental field, in recognition of the fact that there are many synergies to exploit between innovation for quality and performance and innovation to optimize energy use, waste and safety 240 . Therefore, the R&D&I Framework is the most appropriate instrument to apply in the field of aeronautics, hence the Commission's reliance on and scrutiny of innovation aid measures under its prism 241 .
Since the adoption of the State Aid Action Plan in 2005 242 , the Commission has advocated a more refined economic approach in the field of State aid law. This has been mainly expressed in the form of a balancing test, whereby the positive impact of the aid measure in reaching an objective of common interest is balanced against its potentially negative side effects by distortion of competition and trade 243 235 Community Guidelines on State aid to promote risk capital investments in small and medium-sized enterprises, OJ C 194/2, 18.08.2006.
. More specifically, the balancing test operates in three steps. First, the Commission examines whether the aid measure is aimed at a well-defined objective of common interest. Second, it looks into whether the proposed aid addresses a market failure. This presupposes an examination of the appropriateness of the aid, its incentive effect and its proportionality. Lastly, it examines whether the distortions of competition and effect on trade are limited, so that the overall balance is positive. Especially with regard to measures that, due to their aid intensity, carry a higher risk of distortion of competition, the Commission carries out a more detailed assessment 244 . R&D&I aid to aeronautics by and large exceeds the thresholds set in the Framework, being subject to a detailed assessment 245 .
For reasons of transparency and legal certainty, the Commission has devised a methodology to be followed in cases of detailed assessment. Looking first into the positive effects of the aid, special emphasis is laid on the incentive effect of the measure, i.e. on the recipient changing its behaviour so that it increases its level of R&D&I activity in size, scope, amount spent or speed. Where the R&D&I activity commences prior to the beneficiary applying for aid to the national authorities, the aid is deemed not to present an incentive for the beneficiary 246 . Moreover, the intended change in behaviour has to be well-specified and identified by counterfactual analysis, i.e. by comparing the intended activity with and without the aid. The difference in the two scenarios is considered to be the impact of the aid and defines the incentive effect 247 . Additional indicators, such as the level of profitability, the amount of investment and the time path of cash flows or the level of risk, are also considered 248 .
Whether an aid contributes to an objective of common interest can be understood in terms of its contribution to efficiency by remedying a market failure. The burden of proof on the Member States to identify the R&D&I market failure, either general within the EU or specific, becomes heavier the more the aid intensity increases. Generally, the Commission takes into account knowledge spillovers, imperfect and asymmetric information and coordination failures 249 .
In the aerospace industry, all these market failures are generally present. R&D&I activities bring about positive externalities that cannot be fully appropriated by the companies that carry them out. The Commission has accepted that the pyramid architecture of the aeronautic sector facilitates knowledge dissemination throughout the industry chain. 250 Moreover, aeronautical technologies spill over into other economic and technological sectors, contributing to the growth of the European economy as a whole 251 244 See section 7 of the Framework.
. Yet, the main market failure that plagues the industry is that of imperfect and asymmetric information on the financial markets. Generally, the capital-intensive nature of R&D&I in aeronautics, the technical and commercial risks involved and the insufficient and uncertain levels of profitability discourage private investment. Projects targeting the development of new products with high up-front investment and long delays for the return on capital are deemed highly risky by the market. When assessing risks, the Commission takes into account in particular the irreversibility of the investment, the probability of commercial and technical failure, the risk that the project will be less productive than expected and the risk that the project costs undermine the company's financial viability 252 . Lastly, the coordination failure is linked to the change of business model of the aircraft industry. The merger wave that occurred between 1990 and 2000 marked a structural change from an organization "in rake" to a pyramidal set-up. Whilst this evolution could lead to a long-term increase in technological ability and productivity, it is initially costly to implement in terms of transaction costs 253 . Although the Commission has recognized the general nature of the coordination problem, it is reluctant to accept its presence in specific cases 254 .
Once the positive effects of the aid have been determined, the Commission measures them against possible distortions of competition and trade on the market concerned. Generally, the Commission examines the potential of the aid measure to distort dynamic incentives, i.e to crowd out competitors, to create market power or to maintain an inefficient market structure. In each step of its analysis, the Commission considers a number of elements, specified in the Framework.
As already mentioned, the aeronautics sector has absorbed 29% of total R&D&I aid above €3 million approved under the Framework in the period 2007-2010. All those measures are linked, one way or another, to the environmental performance of the industry, aiming at improved fuel efficiency, reduced CO2 emissions and lower noise levels.
Although the EU State aid regime is unique, the EU is not alone in the subsidization of the aeronautics industry. It suffices to mention that a comparative study carried out by WTO in 2006 suggests that the level of aid granted by EU Member States is comparable to the levels granted by the EU's main trading partners 255 . According to data reported by the FAA, the NextGen research, engineering and development portfolio absorbs a considerable amount of government funding. For fiscal year 2010, the FAA's request to the government amounted to $ 180 million, representing an increase of $ 9 million above the fiscal year 2009 enacted level 256 .
VI. Synthesis/Assessment
Undoubtedly, the decision of the EU to include international aviation in the EU ETS has been a checkmate move innovation-wise. Despite the contestable legality of this initiative, the message was communicated that air transport can no longer escape its environmental obligations. Amazingly, the message was so strong that it immediately permeated the entire industry, generating an innovation fever. Whilst the outcome is indisputable, the reasons and the process that led to it might not be so obvious. Was the absorption of the message and its immediate effect a corollary of the realization that the environment is in danger or are there other reasons that brought about this outcome?
Arguably, the green-innovation fever that has gripped the industry is not simply an expression of environmental conscience. Nor are the EU enforcement mechanisms so powerful as to induce compliance at a global level. Whilst innovation might be expensive in the short and medium term, in the long run it brings about efficiencies that, in the industry's language, are translated into cost savings (€€4$$). Given air transport's notoriously low profitability margins, innovation appears to be the oneway ticket to the other side. Yet, since innovation is too expensive to be borne by the industry alone, the ticket must be subsidized 257 .
Tracing the flightpath to innovation from an EU policy perspective, it appears that the point of departure has been the environmental policy integration (EPI) principle, enshrined in Article 11 TFEU and Article 37 EU Charter of Fundamental Rights. The duty to consider the environment in the design and implementation of the Union's policies and activities is further strengthened and, in fact, has to be coupled with the principle of consistency, provided for in Article 7 TFEU. The EPI principle may only be effective if it is not defeated due to inconsistencies and controversies between different EU policies and actions. At the same time, the EPI principle itself works in the direction of the convergence of EU policies and actions, binding them together in a family relation. As the example of biofuels illustrates, policies at first sight irrelevant to each other, such as air transport and energy, are gradually converging, being defined by common environmental priorities and, as such, sharing common interests. EU energy policy cannot neglect air transport needs in biofuels and air transport, in its turn, cannot overlook the progress achieved in the development of 257 In 2008, leaders of the aviation industry signed a Declaration, committing themselves to action on climate change. In 2012, at the 6 th Aviation and Environment Summit, convened in Geneva, Switzerland, from 21-22 March, the industry reported on and assessed its environmental progress thus far. The Summit culminated in a Declaration that calls on governments to pursue the common goal of economic prosperity and sustainable development through: 1. continued investment in academic and international collaborative research for the development and implementation of new green technologies and operational practices; 2. urgent action for advancement of a highly-efficient air traffic control capacity; 3. encouraging the use of alternative renewable energy by providing appropriate policies and incentives to facilitate the timely, cost-effective and sustainable development of aviation biofuels; 4. continued development of sustainable airport infrastructure to meet the anticipated future demand for aviation services within the context of the economic, social and environmental needs of society; 5. providing a positive regulatory environment that encourages aviation development as part of a broader government economic growth policy, co-ordinated across national borders; and 6. urging governments to reach agreement at the ICAO for a global framework for reduction of emissions from aircraft operations using technology development, efficient operations and infrastructure, and the use of international multilateral market-based measures to address any remaining emissions gap. See http://www.airtransportnews.aero/analysis.pl?id=1209&keys=2012 Aviation & Environment Summit. To access the Declaration, visit: http://www.airtransportnews.aero/content/p1209.pdf. biofuels. Innovation is a facilitator of this process, spanning all EU policies and paving the way to the overarching goal of sustainable development.
Innovation as a means to achieve the objectives of the various EU policies and actions, rather than as an objective in itself 258 , is fostered in manifold ways. Whilst it does not appear that the EU has in place a fully-fledged innovation policy, that is to say an autonomous system of horizontal rules on innovation, it does have a number of tools and instruments that encourage innovation, either indirectly, by inducing it, such as the EU ETS, or directly, by actively supporting it, such as the EU State aid regime or the Seventh Framework Programme.
Arguably, triggering innovation indirectly is not always a conscious choice of the EU, but it may also occur incidentally. For instance, whilst the EU ETS is a rather straightforward way to ignite innovation 259 , the methodology for setting airport landing charges and air navigation services charges is not. If one considers that landing charges and air navigation services charges paid by airlines to airports and ANSPs respectively are a function of aircraft weight 260 258 On this point, see Laguna de Paz, "Protecting the Environment Without Distorting Competition", (2012) Journal of European Competition Law & Practice, 1-10, who contends that: "Environmental goals cannot impede competition law to ensure a non-distorted functioning of the market. Taking into account environmental objectives is not the same as putting competition policy at the service of environmental protection. Competition law cannot be instrumentalised, becoming environmental, industrial or social policy". This argument seems to have been endorsed by EU legislation. See, for instance, Article 2 (2) (a) of Decision No 661/2010/EU on Union Guidelines for the development of the trans-European transport network (supra note 9), which reads: "The network must ensure the sustainable mobility of persons and goods within an area without internal frontiers under the best possible social and safety conditions, while helping to achieve the Union's objectives, particularly in regard to the environment and competition, and contribute to strengthening economic and social cohesion". Arguably, in contrast to the EU policies and actions defined in the Treaty, which are hierarchically at the same level, innovation can be instrumentalised, being itself a means to achieve each objective pursued by the various EU policies and actions.. , which means in practice that the heavier an aircraft is, the higher the charges are going to be, then the airlines have a strong incentive to place orders for lighter aircraft. If one further considers that in Europe landing and air navigation services charges combined represent approximately 11% of airlines' total operating costs 261 , financing innovative composite technologies is meaningful. The latter outcome is further fostered by the EU ETS, whose charges are a function of fuel consumption, which, in its turn, is a function of aircraft weight. Although these two policies in association provide a strong innovation incentive, this is rather coincidental 262 . Nevertheless, what is achieved is a spontaneous but very effective coordination of EU policies.
Direct support of innovation presupposes a certain capital expenditure. The EU has orchestrated this process around two main sources of funding, i.e. Member State funding and EU funding. A combination thereof is also possible. With regard to Member State funding, the EU has devised comprehensive rules on State aid to innovation. These are mainly contained in the 2006 R&D&I Framework, the 2006 Risk Capital Guidelines, the 2008 Environmental Guidelines and the 2008 GBER 263 . Especially with regard to air transport, the main document resorted to has been the 2006 R&D&I Framework and the main industry subsidized is that of aeronautics. Strikingly, whilst the Member States have been very generous towards the aeronautical industry, it does not appear that they have been equally supportive in the area of aviation biofuels. This is even more striking if one considers that, generally, biofuel production is an area that has absorbed a large percentage of R&D&I State aid 264 . The reasons for this discrepancy have been touched upon by the Commission in the Implementation Plan: "2 million tons per year: A performing biofuels supply chain for EU Aviation" 265 . The Commission has pointed to the difference in incentives for renewable fuels related to on-road applications and aviation use as a critical policy hurdle for commercializing aviation biofuels 266 267 charges should be based on the weight formula, using the maximum certificated take-off weight as indicated in the certificate of airworthiness (or other prescribed document) as the basis for assessment. However, allowance should be made for the use of a fixed charge per aircraft or a combination of a fixed charge with a weight-related element, in certain circumstances, such as at congested airports and during peak periods". According to paragraph 45 of ICAO Doc. 9082/7 on route air navigation services charges: "The charge should be based essentially on: i) the distance flown within a defined area; ii) the aircraft weight".
. The industry has confirmed this view 268 and has called on governments to: 1. foster research into new feedstock sources and refining processes, 2. de-risk public and private investments in aviation biofuels, 3. provide incentives for airlines to use biofuels from an early stage, 4. encourage stakeholders to commit to robust international sustainability criteria, 5. make the most of local green growth opportunities, and 6. encourage coalitions encompassing all parts of the supply chain 269 . At the same time, in an effort to raise the profile of aviation biofuels, the industry has addressed the market failure in the allocation of biofuels by juxtaposing aviation's comparative advantages in relation to other modes of transport. Thus, whilst aviation represents a small customer for fuel producers, accounting for only 10% of liquid transport fuel use 270 , it possesses a highly concentrated distribution system. It is characteristic that a mere 190 airports control 80% of the world's passengers, when, at the same time, in the United States alone there are more than 160,000 gas stations 271 . Additional countervailing advantages are that fuel is already highly controlled, that no change in equipment is needed to switch to biofuels, that customer demand is strong and that the sector enjoys a high profile 272 .
Another instrument in the EU's innovation toolbox, which has not been touched upon in this paper, yet which is worthwhile mentioning, inter alia due to its affinity with State aid law, is EU public procurement law 273 between the qualities of the biofuels; it is left up to the market operators to use any biofuel as long as the sustainability criteria of the RED are met. On the contrary, there are no comparable incentives for using biofuels in aviation. In the aviation sector only high physical quality biofuels (e.g. those with low freezing point or high purity) can be used to ensure the operability of the jet engines. This has led to the situation where high quality biofuels are finding applications in road transport although lesser quality biofuels could also satisfy the road transport needs…", at p. 16-17. The other two hurdles identified by the Commission are the lack of adequate financial instruments in constructing the plants and the lack of long term off-take agreements between the biofuel producers and the aviation industry. In this respect, see also European Commission Press release IP/12/975, 18.09.2012: "Transport and Innovation: Commission pushes to accelerate development and market uptake of new transport technologies".
. Strategic use of public procurement in accordance with EU priorities has manifested itself either in the form of incentives to contracting authorities to invest in innovation or in the form of obligations defining their buying choices 274 . Considering that public procurement accounts for approximately 17% of the EU's GDP, representing an important market particularly in areas such as energy and transport 275 , its potential for fostering innovation is immense and, to a large extent, still untapped. The EPI principle in the definition of the Europe 2020 strategy has led to the emergence of innovation as a key enabler of policy convergence. In practice this means that innovation procurement cannot be dissociated from green procurement, as expressed in the various industries. This nexus is very strong in the area of air transport and if properly explored, it could rapidly and significantly contribute to the overarching goal of sustainable development. Unlike the United States, where public procurement in aviation is already being used, inter alia, as a means to spur fresh green innovations to success 276 , it does not appear that similar initiatives are under way in Europe.
With regard to EU funding, the principal mechanism activated to support innovation in air transport has been the Seventh Framework Programme for research, technological development and demonstration activities (FP 7). In fulfillment of the Lisbon strategy that set the noble (albeit somewhat too explicit) objective of Europe becoming the most competitive and dynamic knowledge-based economy in the world by the year 2020, the Seventh Framework Programme is the main EU instrument to complement the efforts of the Member States and the European industry 277 . Based on the triangle of knowledge, education, research and innovation, it is meant to contribute to growth, sustainable development and environmental protection by supporting a number of activities 278 . Transport (including aeronautics) has been identified as one of the areas of EU support 279 .
Perhaps the most interesting aspect of the way the European Union has managed FP 7 funding for air transport projects is its ample use of the possibilities offered under Article 187 TFEU for the setting up of joint undertakings. It is no coincidence that the two projects that have absorbed the largest part of FP 7 funding, i.e, the SESAR project and the Clean Sky Joint Technology Initiative, are both public-private partnerships 280 European Parliament and of the Council of 31 March 2004 on the coordination of procedures for the award of public works contracts, public supply contracts and public service contracts, OJ L 134/114, 30.04.2004.
. A similar approach has been espoused in the United States in the 274 See, in this respect, Green Paper on the modernization of EU public procurement policy -Towards a more efficient European Procurement Market, COM(2011) 15 final, 27.01.2011, p. 33 et seq. 275 See "Europe 2020 Flagship Initiative, Innovation Union" Communication, at p. 16, supra note 1. 276 See, in this respect, the "Agriculture and Aviation: Partners in Prosperity" document, at p. 12, supra note 267. On this point, see also "Europe 2020 Flagship Initiative, Innovation Union" communication, at p. 17, supra note 1. 277 Ibid. 280 In this respect, see Annex I of Decision 1982/2006/EC, which recognizes that: "In a very limited number of cases, the scope of an RTD objective and the scale of the resources involved could justify setting up long term public private partnerships in the form of Joint Technology Initiatives. These initiatives, mainly resulting from the work of European Technology Platforms and covering one or a small number of selected aspects of research in their field, will combine private sector investment and national and European public funding, including grant funding from the Seventh Framework Programme and loan and guarantee finance from the European Investment Bank. Each Joint context of the NextGen programme. Pooling public and private resources is deemed justified by the magnitude of the relevant projects.
A further interesting feature, pertaining in particular to the management of SESAR, is the strategic use of EU funding. It is characteristic that EU funding is higher at the initial phases of the project and regresses as the project is deployed. Thus, whilst, for instance, the definition phase of SESAR is co-financed by the EU and Eurocontrol, the development phase is partly financed by the EU and partly by other public and private sector sources and the deployment phase is the sole responsibility of Member States and industry stakeholders 281 . This strategy, which obviously aims at incentivising and engaging public and private stakeholders to a point of no return, might, nevertheless, be defeated by the latter's reluctance to commit adequate resources, especially in times of budget constraints. The precedent of the Functional Airspace Blocks and the delays in their implementation is, in this respect, telling 282 . A question that arises is whether the EU has adequate enforcement mechanisms to safeguard the appropriate deployment and completion of the various projects without itself releasing more funding.
This last point should probably be seen against the additional opportunities offered at EU level for funding. The Trans-European Networks framework programme, for instance, has not remained a theoretical possibility in air transport. 283 . It is characteristic that EU financial support has been granted to all Functional Airspace Blocks through the Trans-European Network -Transport programme 284 . Whilst it is true that the very nature of SESAR renders the Trans-European Network mechanism an appropriate instrument to resort to, this should only occur when absolutely justified. In State aid law jargon, cumulation of aid under different EU instruments for the same eligible costs should be prevented 285 . Moreover, it should not be forgotten that the rationale behind the adoption of multi-annual work programmes for grants in the field of trans-European transport networks and, therefore, the commitment of the Union over a long period of time, aims to reduce the uncertainties connected with the completion of these projects and to mobilise both public and private investors 286 Technology Initiative will be decided upon individually, either on the basis of Article 171 of the Treaty (this may include the creation of a joint undertaking) or on the basis of Specific Programme Decisions in accordance with Article 166(3) of the Treaty".
. It is 281 To ensure the smooth transition to the deployment phase, the Commission ordered a study on adequate innovative funding mechanisms. The study has been carried out by consultant booz&co. and is available at: http://ec.europa.eu/transport/air/studies/sesar_en.htm. 282 Supra note 132. 283 For an overview of all air projects funded under the TEN-T budget, visit: http://tentea.ec.europa.eu/en/ten-t_projects/ten-t_projects_by_transport_mode/air_including_airports.htm. 285 On this point, see Annex I (Cooperation) of Decision No 1982/2006/EC, at p. 9: "Particular attention will be paid to the overall coherence and coordination between JTIs and programmes and projects in the same fields…", supra note 8. 286 See Paragraph 19 of Regulation (EC) 680/2007, supra note 205. 
